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This invention relates to copolymers of (a) 
esters from allyl .and/or-methallyl alcohol and 
aliphatic mn0nocarboxylic acids of at least six- 
teen càrbon atomns and (b) esters fromn a]lyl 
and/or mnethallyl alcohol and aliphatic l.nonocar- 
boxylic acids having four fo fourteen carbon 
at0mns. If deals, furthermnore, with the prepara- 
tion of hese copolymners in liquid hydrocarbons 
and with compositions comnprising these copoly- 
mers dissolved in wax-containing hydrocarbons, 
prticularly waxy lubricating oils. 
The thickening action of resinous materials on 
oils bas long been known. In some instances, 
esins dissolved in oils yield compositions which 
exhibit improved properties. For example, solu- 
tions of SOlne polymneric products in SOl-ne ofls bave 
less change in viscosity with tel.nperature than 
a imi]ar off having about the sal.ne consistency 
as the composition but free of such products. 
orné resinous or po]ymneric materials raise the 
pour point of oils in which they are dissolved. 
ometimnes polymneric mnaterials bave no influence 
on pour point. In other instances, polymeric 
products depress the pour point. The effect bas 
noç been predictable. 
We bave round by way of speciflc illustration 
that polymners of allyl stearate, allyl palmitate, 
mnethallyl laurate, a]lyl octoate, and allyl butyrate 
do hot lower the pour point of lubricating oi]s 
when they are dissolved therein. Thus, while 
polymners of a]lyl esters of mnonocarboxylic acids 
thicken oi]s in which they are dissolved and in 
SOl-ne instances imnprove viscosity-temperature re- 
lations, they are of no economic value in so far 
as their action in depressing pour points is con- 
cerned. 
It was, therefore, an unexpectëd and surpris- 
ing discovereY fo find that SOl-ne mixtures of al]yl 
esters give qopolymers which bave a marked in- 
flUence on pour points of hydrocarbon liquids hav- 
ing waxy POur points It bas been round that 
when an es'ter of allyl alcohol and a saturated, 
aliphatic, mnonocarboxylic acid having a chain of 
af least sixteen carbon atomns is copolymnerized 
with an ester of allyl alcohol and a saturated, 
aliphatic, mnonocarboxylic acid having four to 
fourteen carbon atomns within proportions deflned 
be]ow, the resulting copolymers depress the pour 
point of waxy hydrocarbon liquids ai sUiïiciently 
low concentrations to give compositions of eco- 
nomic interest. 
We bave round further that there must be ad- 
hered fo for practical purposes deflnite ratios 
of the wo types of l.nonomers for forming the co 
p01ymers. Af least onë mole Of the ester of the 
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shorter chained acid must be taken per l.nole of 
the ester of the longer chained acid. The uppe r 
]irait for the proportion of the formner ester per 
mole of the ester of the ]onger chained carboxylic 
5 acid bas been round fo vary with the iength of 
the carbon chain in the acid portion of the shorter 
chained osier. Thus, the upper limnit is four 
mnoles in the case of the ester of allyl or mnetha]lyl 
alcohol and butyric acid and fourteen mnoles in 
1{] the case of the comparable ester froïn myrisic 
acid. For al]yl or mnethal]yl caprylate the upper 
limit is eight moles per mnole of ester fromn the 
longer chained carboxy]ic acids. With esters fromn 
aliphatic monocarboxylic acids wih branched 
1 chains, however, the upper limit parallels the 
numnber of carbon atomns in the longst single 
chain of carbon atomns in the acid. Thus; le 
practical upper limit for allyl or mnethally] iso- 
0  butyrate is three mnoles per mnole of allyl Palmitate 
or stearate. The allyl ester of 2-ethylhexoic acld 
bas essentially the saine upper limmit as allyl 
hexoate and mnethallyl 2-ethylbutyrate bas essen- 
tially the samne upper limnit round ï0r methalll 
or al]yl butyrate. 
25 Thus, in formning copolymners fromn (a) allyl 
or mnethallyl esters of saturated, aliphatic, mono- 
carboxylic acids of four fo fourteen carbon atomns, 
RCOOI-I, where 1 is an alkyl group of three fo 
thirteen carbon atoms, and (b) ailyl or meth- 
30 a]lyl esters of saturaed, aliphatiC, mnonocarboxyl- 
ic acids of sixteen fo twenty-four carbon atomns, 
P'COOI-I, where 1' is an alkyl group 0 flfeen 
fo twentY-three carbon aol.ns, there must be used 
at !east one mnole of the former ester (a) per 
35 mnole of the latter ester (b) and there mnay be 
used as many mnoles of the former eter (a) as 
the number of carbon atomns in tle longest sCgÂe 
chain in the acid portion of this ester. 
Carboxylic acid groups here required are those 
4O of the re]ative]y shorter Clained acids on the one 
hand and those of the re]atively longer chained 
acids on the other hand. The formner include 
butyric, isobutyric, n-valeric, isovaieric, 2-mnethyl- 
butanoic, piva]ic, caproic, isocaproic, 2-mnethyl- 
45 pentanoic, 3-mehylpentanoic, 2,2-dimethylbu- 
tanoic, 2-eihylbutanoic, n-heptoic, caprylic or 
n-octoic, 2-ethy]hexoic, n-nonoic, isononoic, cap- 
tic, undecanoic, lauric, dineopenty]acetic, l.nethyl- 
tert-butylneopentylacetic, and myristi acids. 
50 ïhe re]atively longer chained acids include pal- 
mnitic, mnargaric, stearic, diCetylacetic, tricosanoic, 
and tetracosanoic acids. 
The al]yl or mnethallyl esters of either class Of 
carboxylic acids mnay be prepared as pure, indi- 
55 vidu_a] esters or they may be prepared as mix- 
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tures of acids within each class. Thus, the esters 
may be based on commercial mixtures of fatty 
acids. Also, there may be mixed two or more 
allyl esters of monecarboxylic acids of four to 
fourteen carbon atoms, the Iimiting portion of 
this type of ester then being approximately de- 
termined by the average carbon chain of this 
mixture. This mixture is combined with one or 
more allyl esters of monecarboxylic acids of six- 
teen fo twenty-four carbon atoms and the re- 
sulting mixture is copolymerized. 
The allyl and methallyl groups bave proved to 
be entirely interchangeable. The a-methyI group 
of the latter may impart some smaI1 advantage 
to the methallyl group in improving off solu- 
bility. It is an interesting fact, however, that 
larger «-groups seem to interfere seriously in 
the practical use of the esters whfle transposition 
of the substituent to the p-position apparently 
again upsets the balance of properties needed to 
give copolymers with the utility enjoyed by the 
rather limited group of copolymers here de- 
scribed and claimed. 
The preparation of esters of allyl alcohol and 
these carboxylic acids follows conventional meth- 
ods. Allyl alcohol and carboxylic acid may be 
heated together in the presence of an esteriflca- 
tion catalyst. A solvent such as toluene or 
naphtha serres as a solvent and aids in the re- 
moral of water of reaction. Where available, acid 
anhydrides may be used instead of free acids. 
Another method is based on the use of acid hal- 
ides. Interchange reactions provide yet another 
path to the desired esters. The last two methods 
are of particular interest in the formation of 
methallyl esters, although other conventional 
methods may be used for their preparation. The 
various esters may be purified by distillation, un- 
der reduced pressure, where necessary. 
The catalysts used for copolymerizing the two 
types of allyl esters are of the peroxidic type. 
Typical peroxides are acety] peroxide, caproyl 
peroxide, lauroyl peroxide, benzoyl peroxide, di- 
benzal diperoxide, di-tert-butyl diperphthalate, 
tert-butyl perbenzoate, 2,2-bis(tert-butyl per- 
oxy)butane, methyl ethyl ketone peroxide, di- 
tert-butyl peroxide, and tert-butyl hydroperox- 
ide. Temperatures for use of peroxides as cata- 
lysts may vary from 75 ° C. to 160 ° C. Initial co« 
polymerization may be at a low or moderate 
temperature and a higher temperature used near 
completion of copolymerization. This is a de- 
sirable procedure to decompose the catalyst. 
Again, copolymerization may be initiated at rela- 
tively higher temperatures and lower tempera- 
tures used subsequently. 
In the preparation of the copolymers a mix- 
ture is ruade of the two types of allyl esters with- 
in the proportions specifled above. A polymeri- 
zation catalyst or a mixture of polymerization 
catalysts is added, and the mixture copoly- 
merized, usuatly by heating at 75 ° C. to 160 ° C. 
or higher in an inert atmosphere. It bas been 
round that in order to obtain copolymerization 
within a practical rime the concentration of cata- 
lyst must be relatively high. While presence of 
an organic peroxide at 1% of the weight of the 
mixture of monomeric esters will start copoly- 
merization, it is generally necessary to use alto- 
gerber 2% fo 12% or more for practical results. 
A range of 3% fo 5% at the start is preferred. 
Addition of a peroxide in small increments from 
rime to rime is particularly helpful in giving a 
good yield of copolymer in a reasonable rime. 
One peroxide may be used aL the start and an- 
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other added during polymerization. The pres- 
ence of inert solvents, such as toluene or xylene, 
usually proves helpful in carrying on the co- 
polymerization. In some cases copolymerization 
5 may be performed or completed in the presence 
of a hydrocarbon off. Use of an inert atmosphere 
is very desirable during copolymerization. This 
may be obtained by flow of a gas, such as nitro- 
gen, or from vapors of a volatile organic solvent. 
i0 Some typical procedures for forming the co- 
polymers follow: 
(A) There were mixed 133 grains of allyI tetra- 
cosanate, 117 grains of allyl laurate, and 12 grams 
of benzoyl peroxide in a reaction vessel. The 
15 therein was displaced with nitrogen and the 
charge agitated by the passage of this gas there- 
through while the vessel was heated in an oiI 
bath. The temperature was rapidly brought to 
95 ° C. and raised to 114 ° C. dmng the next fil- 
20 teen minutes. Beginning at the end of a two- 
hour period, rive grain batches of benzoyl per- 
oxide were added af hourly intervals until four 
such additions had been ruade, while the tem- 
perature was held between 110 ° and 114 ° C. After 
25 this reaction mixture had been heated fer seven 
hours, two grains of benzoyl peroxide was added. 
After it had been heated for eight hours, the 
copolymer was dissolved with 470 ml. of toluene 
and the preparation allewed to cool. 
30 A sample of this preparation was heated in an 
electric oven at 150 ° C. under a stream of air. 
The non-volatile content was thus determined 
as 38.1%. 
When a portion of this preparation was diluted 
,5 to a content of 30% of copolymer, this solution 
had a viscosity of six centistokes af 100 ° F. 
The toluene solution can be converted to an off 
solution by mixing the solvent solution and a 
less volatile hydrocarbon fluid, such as a lubri- 
-0 cating off, and stripping off the toluene by heat- 
ing under reduced pressure. 
For instance, 59 grains of the above toluene 
solution containing 38.1% of copolymer was mixed 
with 34 grams of a light Mid-Continent lubricat- 
45 ing off. The mixture was heated and toluene 
taken off. The temperature of 140 ° C. was held 
for fifteen minutes at 15 mm. pressure and then 
for 30 minutes af one mm. This concentrate in 
off was a waxy mass in the cold, containing 3ï.5% 
50 of copolymer. If was used as a concentrated 
additive in various waxy oils and ïound to cause 
substantial depression of the pour point thereof. 
The procedure described above was repeated 
with a mixture of allyl tetracosanate and allyl 
55 laurate in a molar proportion of 1 to 5. The 
copolymerization was started with 2% of ben- 
zoyl peroxide based on the weight of the esters. 
Added increments brought the final weight of 
peroxide fo 10%. Temperatures of polymeriza- 
60 tion were maintained between 115 ° C. at the 
start and 103 ° C. at the end of eight hours. A 
yield of 100% of copolymer was obtained. 
In the saine way there are prepared copoly- 
mers of allyl tetracosanate with allyl butyrate, 
C5 isobutyrate, 2-ethylhexoate, or octoate, or other 
allyl monocarboxylate of four to fourteen carbon 
atoms. Corresponding methallyl esters are sirni- 
larly prepared and possess the saine utflity in 
lubricating oils. 
70 (B) A mixture was ruade of 162 grains of allyl 
stearate, 120 grains of allyl laurate, and 10 grains 
of technical lauroyl peroxide. About 35 grains 
of this mixture was run into a reaction flask 
which was swept out which nitrogen and heated 
75 in an off bath af li0 ° C. Within rive minutes 
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copolymerization was taking place. At ten min- 
ute intervals lots of about 17.5 grains each of 
the mixture were run in while the temperature 
was held between 109 ° and 1.13 ° C. At the end 
of three hours and hour]y thereafter until seven 
hours had passed, hall grain batches of lauroyl 
peroxide were added. After seven and three 
fourths hours the product was taken up in 250 
grains of toluene. Analysis of the product 
showed a copolymer yield of 93.4%. 
When this concentrate was reduced to 30% 
solution of copolymer in toluene, a viscosity of 
8 cs. at 100 ° F. was formed therefor. A portion 
of the copolymer solution was mixed with a light 
lubricating off and heated to drive off toluene. 
The solution was stripped for an hour ai 140 ° 
C./25 mm. to 4 mm. to give a concentrate 37.2% 
of copolyrner. This concentrate was useful for 
addition to lubricating oils having waxy pour 
points. 
(C) A mixture of 25 grams of methallyl stea- 
rate, 25 grains of methal!yl laurate, and 2.5 grains 
of benzoyl peroxide was heated under a nitrogen 
atmosphere in a vessel in an off bath ai about 
i00 ° C. Additions of benzoyl peroxide were ruade 
from rime fo rime as follows: after two hours, 1 
grain; after three hours, 2.5 grains; after four 
and one hall hours, 1 grain; after rive and one 
hall hours, 0.4 grain; after six and one hall hours 
0.2 gram. Aïter eight hours of heating the batch 
was {aken up in 52 grains of toluene. Yield of 
copolymer was determined as 91.3%. This co- 
polymer was round effective as a pour point de- 
pressant in waxy petroleum products. 
(D) The procedure used above was followed 
with a mixture of 121 grains of allyl palmitate 
and 79 grains of a11yl butyrate. The copoly- 
merization was stard with i0 grams of tert- 
butyl perbenzoate ai about 115 ° C. and during the 
course of eight and a hall hours twenty grains 
of additional perbenzoate were added. The 
copolymer was taken up in toluene to give a 31% 
solution thereof. 
The saine procedure may be used for preparing 
copolymers of allyl palmitate with such esters 
as allyl isobutyrate, allyl 2-ethylbutyrate, allyl 
isononate, allyl laurate, or allyl myristate or the 
corresponding methallyl esters. 
(E) A mixture of 50 grains of methallyl stea- 
rate and 150 grains of allyl laurate was treated 
with i0 grains of benzoyl peroxide and subjected 
fo copolymerization ai 109 ° fo 116 ° C. during the 
course of eight hours. Increments of the per- 
oxide added from rime fo rime totaled 20 grains. 
The yield of copolymer was 95.3% of theory. 
This copolymer was an effective pour point de- 
pressant when dissolved in waxy hydrocarbon 
oils. 
(F) A mixture of 54 grains of allyl stearate and 
132 grains of methallyl octoate was treated with 
rive grains of tert-butyl perbenzoate and heated 
under a stream of nitrogen at 90 ° to i00 ° C. 
Aïter çwo hours rive grains of tert-butyl hydro- 
peroxide was added and the temperature raised 
fo 130 ° C. Ai the end of hourly periods there- 
after up fo the seventh hour two grain portions 
of the latter peroxide were added. The tem- 
perature was then carried fo about 150 ° C. The 
batch was allowed fo cool and taken up in toluene 
during the cooling period. A solution contain- 
ing 30% of copolymer was thus prepared. The 
solution had a viscosity of 3.2 cs. at 100 ° F. 
Another method of preparing copolymers which 
are soluble in lubricating oi]s and effective in 
depressing waxy pour points is based upon 
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cïdolysis of the polymer of allyl acetate or other 
carboxyls;te of a readily volatilized acid. The 
polyal]yl acetate .is heated vith la mixture of 
stearic acid, as a typical long-chained acid, and 
5 an aliphatic saturated monocarboxylic acid of 
four to fourteen carbon atorns, the two types of 
acid being in the prescribed proportions. Acetic 
acid is replaced under the influence of a small 
amount of an acidic catalyst, such as p-toluene 
10 sulfonic acid, and volatilized. 
The size of .the copolymer unit for the purposes 
of this invention may vary from about 500 to 
over 5,000 in average molecular weight. When 
the deflned allyl and/or methallyl esters of rel- 
15 ativety large (A) and relatively small (B) mono- 
carboxylic acids are copolymerized within the pre- 
scribed proportions, the resulting copolymers give 
deflnite lowering of the pour points of wax-con- 
taining hydrocarbon liquids. The thickening ac- 
20 tion in general becomes greater with increase in 
molecular size and if this is desired in connection 
with depression of pour point, the upper range of 
molecular size should be used. The copolymers of 
relatively large molecular weight raise the vis- 
25 cosity index of oils. 
In the case of a copelymer from one mole of 
allyl stearate and one mole of allyl 2:eethylhex- 
oate a 30% solution in toluene gave a viscosity of 
71 cs. at 10 ° F. This copolymer gave a marked 
30 depression of a Pennsylvania lubricating off, 
dropping the pour point from ÷25 ° F. to --30 ° F. 
af 0.5 % and depressing the pour point even ai a 
concentration of 0.04%. This copolymer at 0.5 % 
in a Pennsylyania off raised the viscosity index 
35 to 112 fr.om 105. 
A copolymer from 63.8 grains of allyl stearate 
and 36.2 grams of al]yl 2-ethylhexoate was car- 
ried fo a molecular size which imparted to a 30 % 
solution thereof in toluene a viscosity of 3.9 cs. 
40 af 100 ° F. At 0.5% of this copolymer in a light 
Pennsylvania tubricating oil having a normal 
pour point of ÷25 ° F. a depression of the pour 
point --30 ° F. was obtained. The viscosity of 
this solution was 5.234 cs. at 210 ° F. and 31.ïl cs. 
45 at 100 ° F. Its viscosity index is 105.5. The origi- 
nal off bas a vscosity index of 105. 
The copolymers are useful for the preparation 
of lubricating compositions and the like. For 
this purpose, the copolymer itself or a solution 
59 thereof, as in an off or in a volatile solvent, is 
taken up in a hydrocarbon fluid having a waxy 
pour point. The concentration of the defined co- 
polymers may be in the most favorable com- 
binations as low as 0.01% and still bave a defi- 
55 nite influence on the pour point. In cases wheïe 
depression of pour point is desired along with 
thickening action and/or improvement in the 
viscosity index, concentrations as high as 5% 
may be taken. In the usual lubricating off or 
C0 fuel off having a waxy pour point, concentrations 
of about 0.05 % to 1% are most desirable. 
While the data given thus far bave borne di- 
rectly on depressing the pour point of lubricat- 
ing oils having a waxy pour point, the action of ô5 the new copotymers which are herein defmed is 
not conflned to lubricating oils. If extends to 
fuel oils and diesel fuels which have waxy pour 
points. A few tenths per cent of one of the de- 
fined copolymers causes a deflnite depression of 
7O the pour point thereof and lessens the tendency 
of these normally liquid petro!eum hydrocar- 
bons to congeal in the cold, then not being capable 
of flowing or of being .pumped. Fuel oils and 
diesel fuels containing the copolymers are not 
75 altered in their burning properties. The pres- 
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ence of the copolymer in lubricating oils does 
not interfere with their normal functioning and 
defmitely improves oils as fo pour point and often 
as fo viscosity index. 
The action of the copolymers of this invei- 
tion was determined by dissolving them in three 
different ofls and submitting the resulting solu- 
tions to pour point tests. The standard A. S. T. 
M. pour test (D97--47) was generally used and 
this was supplemented with maximum pour tests 
and shock chilling in some cases. The maximum 
pour test is described in Proc. A. S. T. M. 45., 
Appendix I, p. 244 (1945). The shock chilling 
determination is marie by observing the samples 
during tle initial cooling step with the cooling 
jacket at --60 ° F. 
The first of the oils used for testing was (i) a 
150 Pennsylvania neutral having a pour point of 
-}-25 ° F. The tests showed this off fo be relatively 
sensitive to the action of pour point depressants. 
The second off (II) used for testing was a 
500 Mid-Continent solvent-extracted neutral 
(SAE-30) with a pour point of -}-25 ° F. This was 
known fo be an off which was not readfly changed 
as to its pour point. A third off used was an 
SAE-90 gear off (III), compounded ïrom 30 
parts of a 180 Pennsylvania neutral and 70 parts 
of a 150 Pennsylvania .bright stock, having a pour 
point of -}-25 ° F. The response of these oils to 
various copolymers is set forth in the following 
examples. 
Exaraple 1 
(a) A copolymer was prepared from one mole 
of allyl stearate and one mole of allyl butyrate 
with a molecular weight of about 2000. At 0.5% 
and at 0.25% in Off I the A. S.. T. M. pour point 
was 0 ° F. 
(b) A copolymer prepared from one mole of 
allyI stearate and 1.5 moles of allyI butyrate 
(about 3000 molecular weight) was dissolved in 
Off I. The pour point was depressed to --5 ° F. 
at concentration of this copolymer of 0.5% and 
0.25%. In Off III at 0.1% of this copolymer the 
pour point was 0 ° F. 
(c) A copolymer from one mole of allyl stea- 
rate and 3.09 moles of allyl butyrate (average 
molecular weight about 1000) was dissolved in 
Off I. A 0.5% solution had a pour point of --5 ° 
F., while 0.25% solution had a pour point of 0 ° F. 
(à) A copolymer from one mole of allyl stea- 
rate and four moles of allyl butyrate, dissolved 
in Off I, cauæed the pour point fo be 0 ° F. at 0.5% 
and -}-5 ° F. at 0.25%. 
A copolymer from one mole of allyI stearate 
and rive moles of allyl butyrate caused the pour 
point to be -}-30 ° F. when this copolymer was used 
at 0.5% in Off I. 
Exaraple 2 
(a) A copolymer was prepared from one mole 
of allyl stearate and one mole of allyl isobutyrate. 
If was tested in Off I at 0.5% and round fo change 
the pour point to -}-5 ° F. In Off I! at 0.5% if 
changed the pour point to ,},15 ° F. 
(b) A copolymer from one mole of allyl stea- 
rate and two moles of allyl isobutyrate depressed 
the pour point of Oil I fo --I0 ° F. af a concentra- 
tion of 0.5%. 
(c) A copolymer from one mole of allyl stea- 
rate and three moles of allyl isobutyrate 
depressed the pour point o --5 ° F. at 0.5% and fo 
,},15 ° F. at 0.25% when dissolved in Off I. 
Copolymers prepared from one mole of allyl 
stearate and four and rive moles respectively of 
allyl isobutyrate lai1 to act as pour point depres- 
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sants and in some oils actually raise the pour 
point. 
Example 3 
A copolymer was prepared from one mole oï 
5 allyl stearate and one mole of allyl 2-ethylhexo- 
are. In Off I it gave pour points of --30 ° F., 
--10 ° F., and -}-5 ° F. at 0.5%, 0.25% and 0.1% 
respectively. An allyl 2-hexoate polymer in the 
same off gave pour points of -}-30 ° F. and -}-25 ° F. 
10 at 0.5% and 0.25% respectively. With the POly- 
mer of the pure allyl stearate dissolved in Off I 
a pour point of -}-25 ° F. was observed at concen- 
trations varying from 0.5% to 0.04% of the poly- 
mer. The polymer of allyl 2-ethylhexoate like- 
15 wise fafled to depress the pour point of this off. 
A mechanical mixture in a molar ratio of Æ: 1 also 
fafled fo depress the pour point. 
Example d ' 
2O (a) A copolymer was prepared from one mole 
of allyl stearate and about four moles of allyl 
isononoate (the allyl ester of a mixture of acids 
derived from the reaction product of carbon mon- 
oxide and hydrogen on diisobutylene). With 
25 0.5% of this copolymer dissolved fil Off !I the 
pour point was ,},t5 ° F. and at 0.1% of this copol- 
ymer in Off III the pour point was -}-20 ° F. 
(b) A copolymer was prepared from one mole 
of allyl stearate and 1.5 moles of the same allyl 
30 isononoate. At 0.5% in Off II it gave a pour test 
of --20 ° F. In Off I at 0.5% it gave a pour point 
of --5 ° F. 
Example 5 
35 (a) A coPolymer was marie with one mole of 
allyl stearate a-nd two moles of allyl laurate. 
Pour points oî --10 ° F. were observed at 0.1% and 
0.25% of this copolymer in Off I, of 0 ° F. at 0.1% 
in Oil III, and of --15 ° F. at 0.5% in Off II. 
4O (b) A coPolymer from one mole of allyl stea- 
rate and seven moles of allyl laurate gave pour 
points of --20 ° F. at 0.25% in Off I, and --15 ° F. 
at 0.5% in Off II. 
(c) A copolymer from one mole of allyl stea- 
45 rate and twelve moles of allyl laurate gave pour 
points of --5  F. by the maximum pour test at 
0.5% in Oil !I, and --15° F. at 0.1% in Off I. The 
polner of pure allyl laurate dissolved at 0.5% 
in Off III gave a pour point of -}-25 ° F., thus pro- 
5O ducing no depression of pour point. 
(d) A copolymer from one mole of allyl stea- 
rate and six moles of allyl laurate imparted to a 
30% solution of the copolymer in toluene a vis- 
cosity of 3.9 cs. at 100 ° F. A 1% solution of this 
55 p°lymerinOflIhadapourp ointof-15°F- The 
viscosity of this 1% solution was 5.249 at 210 ° F. 
and 31.69 cs. at 100 ° F., giving a viscosity index 
of 106.7. A 2% solution gave a Pour point of 
--20 ° F., viscosities of 5.290 at 210 ° F. and 32.00 
60 at 100 ° F., and a viscosity index of 107.2. A 5% 
solution gave a pour point of --15 ° F., viscosities 
of 5.471 at 210 ° F. and 33.17 cs. at 100 ° F., and a 
viscosity index of 110.9. 
65 Example 6 
(a) A copolymer was prepared from one mole 
of allyl stearate and 1.5 moles of allyl myristate. 
At 0.1% in Off I the pour point was --5 ° F., at 
0.5% in Off II was 0 ° F., and at 0.1% in Off III 
70 was 5 ° F. 
(b) A copolymer from one mole of allyl stea- 
rate and six moles of allyl myristate gave pour 
points of --5 °F., at 0.1%, 0.25% and 0.5% in 
Oil I, gave a pour point oï 0 ° F. in Off II, and 
75 gave a pour point of 10 ° F. at 0.1% in Off III. 
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Exampe 7 
A copolyrner was prepared ïrom one mole of 
methallyl stearate and 1.5 moles of allyl 2-ethyl- 
hexoate. In Off Iat 0.5% it gave a pour point 
of 5 ° F. Under shock chilling in Off II at 0.5% 5 
it gave a pour point of 15 ° F. 
Exampe  
A copolYmer from one mole of methallyl stea- 
rate and four moles of allyl laurate gave a pour 10 
point of --20 ° F. at 0.5% in Off I and --15 ° F. at 
0.5% in Oil I. Polymethallyl stearate in these 
oils did not depress the pour points thereof. 
Eamp 9 15 
A copolymer was prepared ïrom one mole of 
methallyl stearate and 1.3 moles of methallyl 
]aurate. It gave pour points of --15 ° F. at 0.5% 
and 0.25% in Off I and of --5 ° F. in Off II at 
0.5%. Polymethallyl laurate dissolved in these 20 
oils failed to depress the pour points thereof. 
Example 10 
A copolymer was prepared from one mole of 
allyl palmitate and 1.5 moles oï allyl butyrate. 25 
Af 0.5% in Oil I and again at 0.25% in Oil I 
the pour point was depressed fo --5 ° 1% In Off II 
at 0.5% the pour point was --5 ° F. At 0.04% 
in Off III the pour point was ÷20 ° F. 
30 
Example I1 
A copolymer was prepared ïrom one mole of 
allyl palmitate and four moles of allyl laurate. 
Ai concentrations of 0.1% to 0.5% in Oil I this 
copolymer depressed the pour point to --10 ° F. 35 
In Off II at 0.5% it gave a pour point of --5 ° F. 
In Off III at 0.1% it gave a pour point oï --5 ° F. 
Example I2 
A copolymer was prepared frorn one mole oï 40 
allyl tetracosanate and 1.5 moles oï allyl butyrate. 
Ai 0.1% in Off III if gave a pour point of +15 ° F. 
and of ÷20 ° F. at 0.04%. Polyallyl tetracosanate 
by itself does hot lower the pour point of this off. 
Example I3 45 
(a) A copolymer from one mole oï allyl tetra- 
cosanate and four moles oï allyl laurate gave 
pour points of --10 ° 1% and 0 ° F. at 0.5% and 
0.1% respectively in Oil I. 
(b) A copolymer ïrom one mole of allyl tetra- 
cosanate and rive moles oï allyl laurate gave pour 
points of --20 ° F. and 0 ° 1% at 0.5% and 0.1% 
respectively in Oil L 
The copolymers of this invention are new ma- 
terials. They are off-soluble and impart fo solu- 
tions thereof increases in viscosity which depend 
in part upon the molecular size of the copolymers. 
They are particularly useïul in petroleum hydro- 
carbons from paraflinic or naphthenic stocks and 
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which have waxy pour points. These copoly- 
mers effectively depress such pour points ai low 
to moderate concentrations thereof. They are 
relatively stable copolymers for this purpose and 
may ]ce used in conjunction with many other 
kinds oï petroleum additives, such as antioxi- 
dants, wear-resisting agents, oiliness agents, de- 
tergents and the like. 
We claim: 
1. A copolymer of (A) an ester of a saturated 
aliphatic monocarboxylic acid of sixteen to 
twenty-four carbon atoms, R'COOH, and an a!- 
cohol selected from the class consisting of allyl 
alcohol and methallyl alcohol and (B) an ester 
of a saturated aliphatic monocarboxylic acid of 
four fo ïourteen carbon atoms, RCOOH, and an 
alcohol selected ïrom the class consisting of allyl 
alcohol and methallyl alcohol, the proportion of 
the first ester (A) to the second (B) being de- 
fined by ratios from one mole oï the first to one 
mole oï the second up to one mole oï the first to 
a number oï moles oï the second equal to the 
number of carbon atoms in the longest chain oï 
carbon atoms in the monocarboxylic acid portion 
oï said ester, R' in the above formula represent- 
ing an alkyl chain oï fifteen fo twenty-three car- 
bon atoms and R representing an alkyl group of 
three fo thirteen carbon atoms. 
2. A copolymer of (A) allyl stearate and (B) 
allyl laurate, wherein the proportion oï allyl 
stearate to allyl laurate is within the ratios of 
one to one and one fo twelve. 
3. A copolymer oï (A) methallyl stearate and 
(B) allyl laurate, wherein the proportion of 
methallyl stearate fo allyl laurate is within the 
ratios oï one fo one and one fo twelve. 
4. A c0polymer oï (A) allyl stearate and (B) 
allyl 2-ethylhexoate, wherein the proportion oï 
allyl stearate to allyl 2-ethylhexoate is within 
the ratios of one to one and one to six. 
HARRY T. NEHER. 
LA VERNE N. BAUER. 
WILLIAM L. VAN HORNE. 
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